and the mantle, an idealized model of the earth's electric conductivity structure is used. We restrict attention to large-scale lowfrequency motionally induced electromagnetic fields. Hence, we ignore the influence of ionospheric disturbances in the sea and near oceancontinent boundaries [vide, Cox et al., 1964; Filloux, 1967] and electromagnetic fields associated with surface gravity waves [Weaver, 1965] .
The analytic procedure of this study is first to examine the electromagnetic equations in order to determine the conditions under which the quasi-static approximation can be made. We then compute the quasi-static electric fields and currents in the sea and sea bed. From the quasi-static electric currents the magnetic variations are calculated giving the approximate coupling between the electric and magnetic fields. The analysis involves multiple perturbation and iterative solutions as well as power series expansions. This seemingly awkward analytical approach is necessary because of the large number of length and time scales and conducting layers inherent in the model. This analysis is consistent with the idealization of the model, demonstrating the basic physics involved and providing a theory of broad applicability to oceanic flows. The formal procedure would be to solve for • and A under appropriate boundary conditions. A solution could be found only for explicit analytical forms of the velocity V(x, y, z, t) and the electrical conductivity •(x, y, z). However, the purpose of this paper is to determine the electric and magnetic fields associated with a general ocean current, assuming a conductivity model that includes only the important features of the actual structure. We seek not so much to solve exactly for E and A as to understand the influences of several important variables, such as bottom topography, variations in conductivity, and spatial and temporal variations in the velocity field. • from E, J or B measurements used separately. However, simultaneous measurements of E, J, and B can be used to determine both V(z) and •.
The velocity profile can be obtained from a combination of J(z) and E(--H). The electric current density J can be measured by a free-fall electric field probe [Drever and Sanford, 1970] providing a relative velocity profile that can be made absolute by using the electric field at the sea floor. Since k x E(z) = k x E(--H), then according to ( 
SEVERAL EXAMPLES OF TI-IE INDUCED ELECTRIC AND MAGNETIC FIELDS WITH LARGE-SCALE LOW-FREQUENCY OCEANIC FLOWS
There is considerable interest in the study of large-scale low-frequency motions in the sea. Unfortunately, there are too few observations to define the motion adequately. The scarcity of reliable measurements is partly attributable to the difficulty in making long-term observations in the sea and to the absence of appropriate sensors. Because of the rich spectral content of the motion of the sea, it is generally difficult to measure large-scale low-frequency processes using sensors responding to the complexity of its local velocity field. However, it seems likely that electromagnetic measurements offer the possibility of reducing the influence of local effects and emphasizing the broad spatially averaged nature of ocean currents. This approach is well suited to studies, for example, of quasisteady currents, such as the Gulf Stream, deep sea tides, and inertial and planetary waves.
The present analysis shows that the induced electric field can be a complicated function of the velocity field. The electric field responds to both the local and large-scale character of the flow. Presently it is easier to make electric, as opposed to magnetic, field measurements for long peririds. However, it is important before The spatial variations of sea water conductivity will produce slight distortions in the potential field as represented by (20). A local flow will induce electric currents which circulate through adjacent regions of different velocity and conductivity. The effective resistance along any current path is determined by the velocity and conductivity along that path. For example, in the uniform conducting sea treated previously, the important quantity in the .l equations was the vertically averaged velocity. The influence of conductivity was derived by Longuet-Higgins et al. [1954] 
